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and Engr N. S. Orlova,

Leningrad Order of Lenin Metal Plant
imeni Stalin

Techrical literature on the contamination of stainless steel with hair-
line cracks deals mainly with the nature of this phenomenon. There are three
opinions on the subject. Certain authors ezplain the cracks by saturation of
metal with gases (A. Pelevin and V. Sapir, "Metallurg," 1936, No 12, p 26);
other consider the nommetaliic inclusions as & promoter of hairline-crack
formation (V. Speranskiy and K. A. Koshi, "Stal'," "0, No 2, p 32) and in
the opinion of V. Loshkarev ("stal',"” 1946, No 7-8, p 491), hairline cracks
are caused, in many cases, by etching of the steel surface for purposes of

" inspection for hairline crack presence. )

. But the factories which use steairless steel for production are not .
interested, to any great extent, in establishing the nature of hairline cracks.
Their mein concern is the influence of such cracks on the mechanical
properties of the metal, Also very essential is the knowledge of & safe
degree of contamiunation of the metal with these defects.

The Leningrad Metal :lant imeni Stalin conducted a series of experiments
for studying the effect of hairline rcracks on 'the mechanical properties’ of
staihless steels for turbines vanes snd devcloped and introduced.into,production,
s method of maghetic paiticle ipspettion for mass-control-of vane-materials. and
finished vanes.

Samples of metal are usually teken from 2-5% of rods of each heat and
stepped specimens are made of .these samples. The indicating medium

: CLASSIFICATION  CONFIDENTIAL
STATE NAVY ", |y¢ [NSRB - ... DISTRIBUTION" L
ARMY " | X[ AR dxlFer o 4] 1

N CONPDENTIL

09A000600370298-1 §

o

2011/09/27 : CIA-R

)

DP80-00

Rlease 8



A e sy R A
‘ ey

Sanitized Copy Approved or Release 2011/09/27 : CIA—RDPO—80A060009—1
1
‘GONFIDENTIAL

compmnIL [ 50X1-HUM

is a 1iquid babh, consisting of mapnctic fevrrous oxide mmapended in
spindle oil in p1'~01'~ortim*. of 25=35"¢ of powder for 1000 cc of Tiquid,
The acceptable number of hair cracks on the surface ‘of a stepped
specimen 1s as follows: '
Total muwsber of hair cracks 4=5
Muximun length of hair cracks 5=b mm
Total Jleagth of hair cracks 20-25 mm

Maximum muier at' cracks on each

step of o apecimen
Totel liryiin o eracks on a single
10 mm
tvery vune ia finfished form is also suﬁjected to magnetic parti-
ele inspection,. According to “the resnlts of inspection 411 vanes are

divided into four groups.

Group I. The number of hairlinec cracks on the outer sufface of

vanes are. not greater than 3,"'de thevr are locatéd separdtely from each
other being not over 10 mm'in lengtﬁ.

Group II, a) The n’umbér of cracks 3 or less, if even one of cracks
. is ‘longer than 10 min; b) the!wumber of oracks 6 or leés,.eech orack
not longer than 10 nm.

Group ITI. a) The number of cracks 6 or less, if any of cracks is
"onger then'10 mm; ‘B) the 'n;zmbor of cracks 10 or less, each crack not
“var'10 mm'In'1ngth, '

“Group ‘kIV. 4)' OccuFreice of a single “gpatk-over 20'mm-in-length;
' %) coticehtrhtions of“'ém;&illéi'abks ‘6r oceurretice  bferatks after each
‘other A1big ®ntire’ length bf 'a vane; ¢ )*more"than! 12 ‘cracks 'of any
Yength.

“IPhe vanes of group'I hre accepted' for assehbling, the’vanes-df
. groups’ IT ahd’ TIT are seht’ for climination of dbtected ‘defects by sddi-
tionkl grtﬁdiﬁg and returnéd for magnetic' particle’ innpec’r.i.;jn. Group
IV is rejoctéd ertirély.
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For investip:ting the eiffect of hairline eracks on the mechanieal
propertles of metal, two billehs of sztainless steel were used. They
_ were taken from two different hweabs, one of which wus crneidered ac-
ceptable in Tt . sect to hairlins cracks (heat A) and the second —-- re-
jectable (heat m.
Results of chemical analyses are as followss:
Part of billet
from which sam~ .
nle was taken 4 3i% % - Sp =P crd Wig
Outer leyer 0,16 s.44  0.30 0,017 0,022 13.8 0.20

Central zonc 0.5 04, 0,33 0.015 0,026 13.7 0,20

Outer lnyer 0.16 0.08 0,40 0,020 0.028 13.7 0.20

Central zone 0.15 0,12  0.43 0.020 0,030 13.7 0.20

" Poth heats were heat treated simuiltane.usly: heated to 1020—1930°,

cooled in air‘, tempered at ’720--7300 for 1.5-2 hours, cooled in air.

Analysis of resvlts of met::hanica'l tests ,shows that the strength
and plasticily of bot;\ heats are the same for longitudinal gpecimens.
In case of transversal cpecimens heat B (contaminated with halr cracks)
revealed lover plasticity. ‘

The 1mp'act gtrength of heat B is higher in both, longitudinal and
transversal, diregtions. Such an’ effest of hairline cracks on impact
gtrength may be exploined by tho fact that in dynamic tests the hair-
1ine c¢racks deviate a desﬁruction frasdture from the rectilinear direc-
tion; thus increbasinrr the impact strengthy It wes impossible to make
a specimen in such a way that the h ajrline ‘eracks were located exactly
in the plane of fracture,

For evalvating the capacity of metal .fof local pldsti-c deformations
tests for lLO ¢oid bending viere condticted ofi. longitudinal and trans- -
verge specinenss Only tlic Lransverse specimens of heut B gave wnsatis~

Fuclory resulls in the form of taara on the surface under tension, .
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Results of fatigue tests denmonstrated that both heats have pructi-
~ cally similar fatirue Limits. The direction of cutting the specimen

has a considerably greuter effect than the presence of hairlin cracks,

Corrogsion test v

After keeping the specimens for 48 hours in two percent solution
of hydrochloric acid the hnirl’me cracks developed into long and wide
eracks. The same effect vas revealed dfter electrolytic polishing and

under action of Yishlen reagent, But action of steam revealed no cor-

rosion centers near hairl '+ o cracks,

“Influence of Corming

Billets of 90 x 45 mm 3ection vere rolled being reduced in area of
cross-secti-n by 30 and 607, Two stepped apecimens were made from each
of the reduced billets. After etching the hair cracks vere counted.

Results-are given in following table,

State of metal Number and size of hair cracks

Initial 4 large cracks , many small onesy
30% reduced 3 large cracks, 8 medium , - many small ones
3 large cracks, 5 medium , 'many small
60% reduced 1 1arge crack , 4 medium , many small cracks
very many samll cracks

1 large crack, 2 médium ,

' ‘The general impression; in additional forging the hair ecracks are

not welded but are broken into »smnller cracks.

Microscopic analysis

The character of hair crack:la 4a the same in all CBSGS‘J. lair cracks
reprasent chains of nonmetal]ic inc‘lusions, hard and brittle, as is in-
dicated by the equlnxial property of separate inc‘[usjonu.

Only in hil].ets with an extremely great number of hairline cracks
vera the inclusinng, congiderably élongated in the direction ol volling,
pb.'_;m"w_‘:l.' HIn f.hm:e‘cu::es ]mrhj.tﬂ or complote ér\ul\bﬁl‘jng_;'nf .l'.‘,.eAnmuue‘.\'.al—
lic substance was noticed.
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In ferritic chrome steels the hﬂir]ina cracks, as A mle, are pres-
ent in ferrite and in martensitic xtee1s, thev are observed in ‘sorbite
of somevlat lighter color than other areas of sorbite, Evidently, in
the process of steel erystallization the hairline ecracks serve as crys-
tallization centers for nrecipitating crystals of solid solutions. .

The depth of separate eracks varies from 0,01 to 0.2 mm. In the
procesas of electric nolishine th» edges of hairline cracks are sometimes
smoothed and, wnon completion of the process, the cracks appear on & me-

tal surface au very shallou prooves with a shiny bottom surface.
p Yy

Conglugions

1. 'The hair cracks vepresent, strinps of nonmetallic inclusions
which arc elonpated in the direction of metal deformation causing tears
of a surface undey strokes of ihe edges of cutting tools,

2. The hairline cracks have no effect on strongth or plasticity
of stainless steel if their direction is coincident with the direction
of forces acting in u test, ' )

3, The hairlire ceacks reduce capacity for plastic deformationsb
if their direction Ls verpendicular to acting forces.

4. No effect of nairline crecks on the fatlgue 1imit of stainless

gteel was revealed in teots on round specimens.

5, Reduction of metal, contaminated with hairline cracks to smaller

cross-section, does not prome*: fusing of hair oracks,
6. Tﬁe magnetic particle inspection of materials for ianufacturing
turbine vanes and finished products is a dependable and efficient’ method

of quality control,
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